Abstract. This paper describes the design and evaluation of an adaptive museum guide for families. In the Kurio system, a mixture of embedded and tangible technology imbues the museum space with additional support for learning and interaction, accessible via tangible user interfaces. Families engage in an educational game where family members are assigned individual challenges and their progress is monitored and coordinated by the family member with a PDA. After each round of challenges, the family returns to a tabletop display to review their progress. In this paper we present the overall evaluation result of Kurio and, using the model discovery approach, we determine which experience structuring factors have a substantial influence on the learning experience.
Introduction
The Kurio system facilitates social interaction in the museum by giving museum visitors personalized tasks and unique tangible user interfaces that they use in coordination with other family members to complete group activities. A mixture of embedded and tangible technology as part of an educational game facilitates novel learning and interaction opportunities in the museum space. By modeling both individuals and the group, an adaptive reasoning engine attempts to intelligently guide the flow of the visit to suit members on a personal as well as aggregate level. The main goal of the system is to select tasks for the individual family members that are the most appropriate for their knowledge level and will contribute the most to their experience and learning about the museum.
The Kurio system extends our own prior research on the use of adaptivity and tangible user interfaces within a museum environment in a project known as ec(h)o [1, 2] . Museums and cultural heritage spaces have provided fertile ground for a number of projects investigating how to engage people with electronic guides or audio tours aimed at augmented information retrieval, novel museum visit interactions, and new approaches to learning in museums.
Learning in the Museum
Family groups comprise more than half of all visitors to museums [3] . One common interaction pattern is that in many groups, individual members will go off to explore the museum on their own for periods of time, and then return to the group and share what they have found [3] . This return-and-share strategy is frequently enacted by younger family members exploring and then coming back to talk with a member of an older generation. Several studies have noted that parents tend to informally take on the role of a teacher within the museum, guiding the learning of the children in the group, often in subtle, almost unnoticeable ways. Hilke's 1989 study of family behaviour in the museum revealed that children and adults alike spent a lot of time exploring their own interests, with children taking the lead slightly more than adults [4] . In another study, discussion with adult family members revealed that they often cited their children as a reason for spending time in the museum [5] . However, Hilke's study showed that if parents do undertake a teaching role for their children, they do it "with such subtlety that the spontaneous pursuit of individual agendas to learn and share was not visibly disrupted" [4] . Woodruff et al. in their study of the use of an electronic guidebook, noted that dyads of parent-child tended to share a guide, whereas adult dyads took individual guides. In the parent-child groups, the children controlled the guide and made the choices for the most part, with the parents looking on and offering suggestions [6] .
Some recent museum systems have taken this group dynamic into account and created guides that are meant to be shared. The Sotto Voce system by Aoki et al [7] is one of the first museum guide system to actively support group interaction. Sotto Voce contains an audio sharing application called eavesdropping that allows paired visitors to share audio information related to the exhibit with each other via PDA devices. This system allows for open-ended interaction, as visitors are free to follow whatever path they like and share as little or as much as they want to. The CoCicero project implemented in the Marble Museum in Carrera [8] is a group guide system which introduces a goal state that encourages group interaction. The visit is structured through a series of games, including multiple-choice questions that require visitors to gather clues from the exhibits within the museum. Each member of the group has a personal digital assistant (PDA) on which they can complete individual games or answer questions that contribute to the completion of a shared puzzle. There are also stationary large displays in the space, which can be shared by more than one person instead of using the PDAs. A final example of a museum system addressing the issue of social interaction is the ARCHIE system at the Gallo-Romano Museum in Belgium [9] . ARCHIE is a PDA-based trading game that invites small groups to play a game that helps them learn about social differentiation and exchange in West Europe around the year 825 BC. Within each group, one person is designated as the "leader" and the others are "farmers". By exploring the museum and answering multiple choice questions, the farmers earn resources like cattle and sheep while the leader attempts to balance goods across the farmers and trade for other resources. Each of these systems encourages the kind of group interaction that can support the natural learning behaviors of families in the museum.
